Calmodulin and troponin C structures studied by Fourier transform infrared spectroscopy: effects of Ca2+ and Mg2+ binding.
Fourier transform infrared (FTIR) spectroscopy has been used to examine the conformationally sensitive amide I' bands of calmodulin and troponin C. These are observed to undergo a sequence of spectroscopic changes which reflect conformational rearrangements that take place when Ca2+ is bound. Calmodulin and troponin C show similar though not identical changes on Ca2+ binding, and the effect of Mg2+ on troponin C is quite different from that of Ca2+. Both proteins show absorption maxima in the amide I' region at 1644 cm-1 which is significantly lower in frequency than has been generally observed for proteins that contain a high percentage of alpha-helix. It is proposed that an unusually high proportion of the helices in the structures of these proteins are distorted from the normal alpha-helical configuration such that the carbonyl stretching frequencies are lowered. It is further proposed that the shift to lower frequency is due to backbone carbonyl groups in the distorted helices that form strong hydrogen bonds with solvent molecules. A decrease in intensity at 1654 cm-1, the normal frequency assignment for alpha-helical structure, is observed as Ca2+ binds to calmodulin and troponin C. This suggests that Ca2+ binding results in a net decrease in "normal" alpha-helix conformation. There is a corresponding increase in intensity of the band at 1644 cm-1, possibly due to an increase in distorted helix content, allowing for a net increase in helix consistent with circular dichroism estimates of the Ca2+-dependent changes in helix content in calmodulin.